, pulmonary atresia (Brierre, 1963 ), choanal atresia (Brierre, 1963, and abnormalities of the gastrointestinal and cardiovascular systems (Metrick, Brown, and Rosenblum, 1957) have been reported. Since the original observations by Parker (1895), over 120 cases have been described (Williams and Burkholder, 1967 ), yet investigations 'Present address (including reprint requests): Section
of neurological interest have been few. This report concerns two cases of the syndrome of absent abdominal muscles with involvement of the central nervous system. CASE 1 This 1 day old male was transferred from a neighbouring hospital to the Yale-New Haven Medical Center for evaluation of absent abdominal muscles. The baby's mother, aged 26, had produced two normal children previously. The present pregnancy and delivery had been uneventful. The gestational age was 37 weeks. On admission the infant weighed 3,460 g and measured 50 cm in crown-heel length. The head was quite small, measuring only 30 cm in circumference, as compared with a chest circumference of 34 cm. The ears were lowset and the vertex of the skull was flat, giving the forehead a receding appearance. The neck was extremely short. A high-arched palate was noted. The abdomen was distended due to a lack of abdominal muscles. A patent urachus was present. The testes were undescended. Bilateral talipes equinovarus and a dislocated left hip were evident. Neurological examination disclosed generalized hypotonia and diminished suck and grasp reflexes. Intravenous pyelography demonstrated poor visualization bilaterally. Markedly dilated and tortuous ureters were seen on retrograde pyelography. A right nephrostomy was performed. Post-operatively the patient had several generalized grand mal convulsions for which he was given phenobarbitone. At the age of 7 days the child suffered a fatal cardiorespiratory arrest.
Sylidrome ofabsent abdominal muscles: microcephaly, polymicrogyria, and cerebellar malformations 845 Necropsy revealed bilateral pleural effusions and focal pulmonary atelectasis. Multiple sections through the anterior abdominal wall failed to yield any gross or histological evidence of the rectus abdominis, external or internal oblique, or transversus abdominis muscles. The muscles of the back and thorax including the intercostals were normal. The kidneys were not enlarged but showed multicystic dysplasia microscopically. The dilated ureters entered the bladder normally. Ganglion cells were numerous in the ureters and bladder. No evidence of lower urinary tract obstruction was found. The testes were located in the abdominal cavity lying superior to the ureters at the ureterovesical junction.
After formalin fixation for 10 days the brain was examined. For the size of the infant, it was small, weighing 220 g. There was polymicrogyria of the medial portions of the frontal and parietal lobes, imparting a Morocco-leather appearance to the superior frontal gyrus and the paracentral lobule. Coronal sections of the cerebral hemispheres revealed absence of the corpus callosum (Fig. 1) . The septum pellucidum and fornix were displaced laterally. The anterior commissure and cingulate gyrus appeared normal. The bundle of Probst was prominent. There was apparent dilatation of the third ventricle due to the absent corpus callosum and displaced related structures and actual dilatation of the occipital horns of the lateral ventricles. The posterior inferior cerebellar vermis was absent. From the posterior surface of the cerebellum a direct view could be obtained of the floor of the deep, trough-shaped caudal fourth ventricle, which was covered only by an opaque, thickened pia-arachnoid membrane. Serial horizontal sections demonstrated partial agenesis of the vermis, sparing the flocculus, anterior lobe (Fig. 2) , and cerebellar hemispheres. Absence of the declive, folium, tuber, pyramis, uvula, and nodulus resulted in striking anterior-posterior elongation of the caudal fourth ventricle (Fig. 3) were obtained from the frontal, temporal, parietal, and occipital lobes, Ammon's horn, basal ganglia, thalamus, midbrain, pons, medulla, and cerebellum. They were embedded in paraffin, cut at 6 ,u and stained with haematoxylin and eosin, Nissl (thionin), and for myelin (Weil). The glandular gyral pattern of polymicrogyria was observed in specimens from the mesial frontal and parietal lobes (Fig. 4) -h by comparison was relatively thick. The white matter was pale and stained poorly for o cerebral heterotopiae were present. In the the deep nuclei were normal. Innumerable foci of neurones were seen in the white matter nidline. These foci consisted of a haphazard nt of cells from all three layers of the cerebellar ,eral of them were located immediately beneath mal lining of the fourth ventricle, forming small it protruded into the ventricular cavity (Fig. 5) At necropsy the baby weighed 2,480 g. The head circumference measured only 28-5 cm, while the chest measured 33 cm. The vertex of the skull was flat and the ears were low set. The arch of the palate was normal. A pigeon breast deformity was present. The intercostal, serratus posterior, and deep muscles of the back were normal. However, the rectus abdominis, external and internal oblique, and transversalis muscles were totally absent on gross and histological inspection. The lungs were firm, reflecting a bilateral confluent E. coli pneumonia. There was multicystic dysplasia of the kidneys. The ureters were massively dilated. They joined the seminal vesicles which were dilated and which entered a distended bladder at its trigone. The utriculus of the prostate was greatly enlarged, causing bladder neck obstruction. There was a patent urachus which communicated with the fundus of the bladder. The testes had remained in the abdomen overlying the ureters. (Housden, 1934) . Several references to associated meningomyelocele and hydrocephalus in the literature (Roberts, 1956; Andren, Bjersing, and Lagergren, 1964) seem to be based on the same case described by Mathieu, Goldowsky, Chaset, and Mathieu (1953) (Williams and Burkholder, 1967) , although no neuropathological correlation was available.
In the present two cases, certain neuropathological features are common to both: microcephaly, microencephaly, polymicrogyria, and cerebellar heterotopiae. Moreover, in case 1 there is absence of the corpus callosum and partial agenesis of the cerebellar vermis. This combination has seldom been reported (Guttman, 1929; Lhermitte, De Ajuriaguerra, and Trotot, 1944; Svaty and Masek, 1950 Frequently polymicrogyria causes neurological symptoms and is associated with other abnormalities of the central nervous system, such as microcephaly and heterotopiae of the cerebrum and cerebellum (Crome and Stern, 1967) . The cobblestone appearance so consistently seen produces a variety of histological pictures. In a classic paper, Crome (1952) describes the three-layer cortex seen in the present cases and several other microscopical patterns which may be encountered, the four-layer cortex being most common. The pathogenesis of polymicrogyria has never been definitely established. Presumably a disturbance in migration of the subependymal neuroblasts, which in the normal embryo originally reside near the ventricular system and gradually move centrifugally to form the cerebral cortex, has occurred. A similar mechanism is thought to be responsible for the commonly associated heterotopiae. Although authorities cannot agree on the precise timetable governing such migratory disturbances (Warner, 1953; Bertrand and Gruner, 1955) , it is probable that they originate at about 56 days of intrauterine life when the cortex begins to differentiate (Millen, 1963) .
Absence of the corpus callosum, first reported by Reil in 1812 (Gyepes and Gannon, 1963) , has been described about 200 times (Loeser and Alvord, 1968a) . As in case 1, the characteristic features include lateral displacement of the septum pellucidum and fornix, presence of Probst's bundle, which represents uncrossed callosal fibres that run in a longitudinal direction, and dilatation of the posterior horns of the lateral ventricles (Loeser and Alvord, 1968a) . Polymicrogyria is commonly present and may involve the medial surfaces of the cerebral hemispheres (Menkes, Philippart, and Clark, 1964) . Cerebellar heterotopiae are occasionally found (Loeser and Alvord, 1968a) . Absence of the cingulate gyrus, anterior commissure, and septum pellucidum may occur (Marburg, 1949) . The clinical picture is quite variable and is generally due to the malformations associated with callosal absence, rather than to the defect itself (Loeser and Alvord, 1968a) . Absence of the corpus callosum is frequently seen in conjunction with congenital malformations outside the nervous system (Loeser and Alvord, 1968a) . The earliest fibres of the corpus callosum appear in the embryo at 74 days. At about 84 days the genu and splenium are recognizable, but not until 115 days is the adult morphology achieved (Loeser and Albord, 1968b) . Hence it is likely that the failure in development of the corpus callosum occurs between 74 and 84 days or between the 10th and 12th weeks of the first trimester.
A much rarer event is absence of the cerebellar vermis, only 20 cases of which are recorded in the medical literature (Dow and Moruzzi, 1958; Joubert, Eisenring, Robb, and Andermann, 1969) . Several examples have also been described in animals (Dow, 1940; Verhaart, 1942; Done and Harding, 1966) . The subject has recently been reviewed by Joubert et al. (1969) who reported a family with agenesis of the cerebellar vermis accompanied by hyperpnoea, abnormal eye movements, ataxia, and mental retardation. The anomaly is not usually familial and is often without neurological symptoms. Complete absence of the vermis is much less common than partial absence, which invariably involves the posterior inferior vermis. A related condition, often confused with vermal agenesis, is the DandyWalker syndrome (Dandy and Blackfan, 1914; Taggart and Walker, 1942) . Dolichocephaly, high insertion of the tentorium, and internal hydrocephalus with marked dilatation of the fourth ventricle are prerequisites of this syndrome. The cause of the Dandy-Walker malformation is not known, but many authorities regard the hydrocephalus as primary with secondary effects on the vermis (Brodal and Hauglie-Hanssen, 1959) . The defect in case 1 most closely resembles that described by Sahs (1941) . In both cases the anterior lobe, the flocculus, and the cerebellar hemispheres were present, although in the previously reported case in which no anomalies outside the cerebellum were found the hemispheres were small and remnants of the posterior inferior vermis were evident. A knowledge of the embryogenesis of the cerebellum (Larsell, 1947) elucidates the pathogenesis of vermal aplasia, since the embryonic development of the cerebellum recapitulates its phylogenetic development (Hausman, 1929; Nieuwenhuys, 1967 (Millen, 1963) . The concept of motor neurone agenesis is well established. Mobius's syndrome, or congenital facial diplegia, is commonly considered the product of nuclear aplasia (Henderson, 1939) . Some cases of arthrogryposis multiplex congenita may be due to hypoplasia of the motor neurone system of the spinal cord (Drachman, 1968) . In both Mobius's syndrome (Henderson, 1939; Evans, 1955) and arthrogryposis multiplex congenita (Drachman, 1968) club foot is frequently found. Although pathological evaluation is as yet incomplete, some authors attribute the deformity in many cases to anterior horn cell disease (Drachman, 1968) . The finding of talipes equinovarus in case 1 is thus intriguing, but unfortunately permission to study the spinal cord and peripheral structures was not obtained.
Since the syndrome of absent abdominal muscles was first described, investigators have argued about its pathogenesis. Because distal urinary tract obstruction has been present in nearly 50% of cases in some series (Bourne and Cerny, 1967) , some workers have theorized that obstruction early in foetal development, producing massive dilatation of the bladder, interfered with the formation of the abdominal muscles (Greene, Emmett, Culp, and Kennedy, 1952; Lattimer, 1958) . However, this proposal does not explain the urogenital and abdominal defects in the cases without urinary tract obstruction, nor does it explain the frequently observed congenital anomalies unassociated with the urinary tract. Furthermore, it ignores those numerous cases of congenital urinary tract obstruction with megalobladder and megaloureter which are not accompanied by absence of abdominal muscles (Eagle and Barrett, 1950) . Nunn and Stephens (1961) believe that this syndrome is the result of faulty embryogenesis rather than mechanical obstruction. They contend that the basic problem arises from deranged muscularization of the bladder, ureteral, and abdominal walls occurring between 6 and 10 weeks of foetal life. Those cases in which polycystic dysplasia of the kidneys is found support such a theory, since the crucial development of the metanephros occurs from 4 to 8 weeks (Arey, 1965) . The neuropathological findings in the two cases presented here suggests that this syndrome is, indeed, a developmental defect involving many organ systems and that whatever influence produced the defects was present during the first trimester.
